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DICTIONAEY 

OF 

APPLIED CHEMISTRY. 


EXPLOSIVES. Explosives are solid, liquid, 
or gaseous mixtures or chemical compounds,* 
which by chemical action (sot up in them 
locally by flame, bv a blow, or by other means) 
generate suddenly large volumes of heated gas. 

The rate at Wliich the expansive force, which 
oharacterisee an explosive reaction, is developed, 
variee considerably, and determines whether the 
reaction is a combustion, explosion, or detona- 
tion. These terms arc purely i-elative, and 
there is no definite line of demarcation bt‘twoen 
them. 

The factors determining the rapidity of an 
explosive reaction are the chciiiical nature of the 
explosive, its physical condition, the conditions 
under which it is exploded, and the method of 
firing. 

The energetic action of an explosive largely 
depends on its rate of chemical change; in 
chemical compounds (like nitroglycerin and 
guncotton) the reacting atoms arc in much 
greater proximity than arc those of a mechani- 
cal mixture of solids (such as gunpowder), and 
in the former class the rajlidily of the chemical 
action will be greater than in those of the latter 
class, composed of constituents by themselves 
non-ipcplosive. 

Nearly sdl the explosives in actual use are 
instflUices of oxidation, (fxygen being supplied 
by a nitrate, by nitric acid, by an NO- group, or 
by a ihlorato or perchlorate. 

The oxidising compounds used in explosive 
mixtures and explosive compounds are fre- 

n itly endothermic substances, the heat of 
mpoBition contributing towarol the ex- 
n^ion of the gaseous products of the explosion. 

The conditions for complete combustion of the 
comlmstible elements oo not alwajrs give the 
maximum explosive effect; carbon burftng to 
monoxide gives a lax^r evolution of gas, but 
less evolution of heat than on complete com- 
biMtion, and the best composition for any given ; 
exploeive effect has to be determined by experi- #pellant the 
mflnt. , b^h : for a 

The j^yaieal oondtticm of an explosive has 
a^luaidted effect cm its explosibiHty and thei 


is much less sensitive than the same eX|dosive 
in the liquid state, nitro explosives that have been 
fused and cast are less sensitive to detonation 
than the same explosives in the crystalline or 
powdered condition, and the same gunpowder 
mixture gives various effects acoordmg to the 
size of the grain. 

Confinement increases the effect of sU 
plosives ; the more rapid the explosive the less 
the confinement necessary to obtain its maxi- 
mum effect. The power of mercury fulminate 
is but little increased by confinement, but ex- 
plosives of the gunpowder type require to be 
strongly confined to produce disruptive effects- 

An explosive reaction may be initiated W a 
heated solid, a flame, by friction, by perouasmn, 
an electric spark or current, or Dy the con- 
cussion from another explosion. The nature of 
the reaction is largely conditioned by the method 
of firing adopted ; nitroglycerin or guncotton 
in contact witn a flame bums quite quietly in the 
open, but when fired by the detonation ot a 
small initial charge of mercury fulminate, the 
whole mass of the explosive decomposes 
practically instantaneously, and detonation 
results. 

The various explosive reactions differ ccwi- 
siderably in the amount of impulse necessary 
for their initiation. To have value as' an 
explosive, a compound or mixture must not be 
too sensitive to impulse. Substances like 
nitrogen iodide and diazobenzene nitoate one 
too sensitive to have practical value. Tito 
most sensitij^e explosives in use, such as merowrv 
fulminate and its mixtures, are used in small 
quantities in caps and detonators to initiiate the 
explosion 9f larger masses of less seotfi^ve 
explosives, propellants or high explosives. 

* The value of an explosive m a propdlMit nr 
high explouve depends on lls detmty, on tto 
quantity ot gas a^ heat liberated, and on the 


velocity of i 


le expkndve reaoti^ For a pro- 
I and heat must to 

toe^ostve it is iieooMNwy 
a|(the faoton shoala have a blgli vabe. 

Explosives may-to ckssifled |ittor aeooidiitli 


^amdler of the explosion ; Wen nitroglycerin iHo eh4r etomteaf oompositioti,^^ 

iron, la— n 
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inixtiiriw or explowivo coni[K)Uftd» ; fording to • 
efifoot and the puriM)«« for wiiiqili they are { 
aittployoci, into ‘ fcl)?h ’ ’ e^o«ivt|^ or j 

* duruptivea ’ and ‘ prpixdlantH ’ ; W according 
to the danger in lianaling, transporting, and [ 
•todng them. j 

In this article, the chemical claesihcatiaon is I 
adopted, as far ae po«»iblc. All the Hubstances ; 
having eiploeivc jirofx'irtioH arci lujt included, 
hut only tluee that have, or may have, value 
for practieal puq>o«i?«. | 

ExfUWIVK MlXTi riKH, 

In exploHivo mixturoe, the ronibustihle and i 
aupporter of corabuation are prowent in stiparaie ' 
•ingWKlienta, which are usually not m themwivee 
explosive. The necesHary M|>e<*d of react W>ii i.m 
eninired by extremely Hue BulKlivihion and very , 
thorough incoryioration of the mgrodient** and 
by the oxygen Ixnng in a highly eonceidtat-eil 
1^ more or U«a easily lilxTated form An 
im|>ortant charncteristie of this elass <A ex 
ploaices i« that their effect may la* van<<l by 
varying the proportioiia of the iiigredient.s i 
Explosive nuxtufX'e may la? groufK'd, aceoid 
ing to the source of their oxygen, into nitrate, 
oblorate, perchlorate, &c., mixtures Only the , 
mixtuice of those fixidiaing Hnbotanet*M with ; 
combustible ingredicnta, in thernM*he.s non- 
exphxiive, and those containing only a small 
jwoportion of an explosive eompound addoii to 
improve the explosive properties of the mixtme, 
wiU be considered under tins heinling. 'I’he j 
mixtoros of oxidising sulistauccts with exjilo.'^ne : 
oompounds, wheit' the former aie only «>f 
secondary importance, will In* <^onsi<l(‘red under 
the respective ex[»losive eompounds. 

Nitrate Mixtures. 

in the nitrates, the oxygen is lu suIVn ient^j' 
stmug combination to n<‘e<l a somewhat power | 
ful disturbing agency to libmate it, so that the 
nitrate mixtun^ are lud vi’iy sensitive and 
their action is comparatively slow. ' 

i^oia^fwm nitrate vuxluu.s. — Uf the various ' 
nitrates used in explosive mixtures, the potas- 
sium salt is by far the liM*st adapted foi the 
purjMJBO, and black powder, or gunpowder, is 
the most impoi’taut ineml>er of this class of i 
exploeive.s. 

Gunpowder. 

iSince the introduction of smokeless powiiei-s, 
gunpowder has Ikhui gradually supersetlcd for 

OoMi’osiTioN OF JIlack PowriEK 


meet military purposes : both as a propellant 
and a tlisrupiive it is olisolescent. It is StiU 
however, very largely used in industrial y i in i n g 
ojHjrations, as a propellant for sporting purposes, 
as a bursting or opening charge lor shrapnel shell, 
and, the smaller sizes, for subsidiary military 
purposes, such as for primers and igniters for 
largo smokeless -powder charges, for fuses, and 
fis an ingredient in certain conipo.Hitions. 

Ordinary hlick gunpowder con-si.sts of an 
intimate mixture of potassiupi nitrath, sulphur, 
•nd charcoal. 'I’he composition of ^le black 
powder ased for military fmrposes in different 
I’oiintnoH IS given in ihi* table belnw' • 

English black gunpowders contam alxiut I to 
1 3 p c. moisture 

Manufacture - A short account only of the 
pr.occHH of inanufactnie will Ik* gi\en, mainly 
that 'used at the Ko\al (tunpowdci Factefry, 
Waltham A^ibey. 

'J'hc IwiK'ilient^. 

•• Tin* uit}( eu\plo\t‘d at Wxiltliam Abbey is 
wholly Indian nilie.* As mipoited, llii* ‘ l'IoultIi 
saltpetn*, as*it i.s <a!li‘(.l. has been paitially 
j»uriru*d, but contains potasMiuni and sodiiini 
cliiondes. potassniin, sodium, and calcium 
Hulphat<‘s, sand, and organic matter; the 
total impurities averaging about 4.1 ]> c It i.s 
Kubimtt<*d t«» a simpk* rclinmg inocess. being 
lirst di.s.sohed by heat in the walK-r used for 
w'ashing the punli(*d nitie of a previous opera- 
tion, The lupnd i.s luaited to boiling in largi* 
relimng coj)p<*i*s, tlie scum on thi* surface being 
carefully skimimal (*ff ; tlie temper, it uri* of tlie 
lii|uid i.s allowi'd to fall to lOP. and it is then 
lilUTcd through bags of coarse clotli into the 
eiA-stivllisiiig vi'sselh 'I'he temncTature of the 
solution on I'litering tlu' erystallising vi'ssels is 
about HH"' to , the liquid is kept m constant 
agitation with woo(h*n hoes, whereby, the 
liipiid cools, tine crystals arc* foinu'd The solu- 
tion IS not stirred when its temperature is lovi'r 
than 82 ’. If tin* solution were b*ft to erystalhse 
urulisf iirlM'd. largi* crystals would form, and 
would enclose mother liquor. The crystals are 
drawn to the side of the c'rystalliser, and trans- 
ferred to draining Tramos, The drained nitii* 
flour then receivci# tlfri'c washing^ with distilled 
waU*r m quantities insulhcjient to dissolve the 
nitre, each washing is snccoeded by draming ; 
afU*r the last washing the nitre is drained all 
night, and is removecl (except the bottom part, 
which IS verj’ moist) \o the store bins. After 
about three days in ston* it is irady fc^ the 

r.sKI) KUi MiI.ITAKV Pl KPOSES. 


Per 100 dry guniKiw der 



rutassbmi 

nitrate 

Sulphur 

t’harcoal 

Englazid. KuaaiA,^weden, lt<aly, Turkey, \7uiled States . 
Fnuioe, Belgium^pain. Persia f . . . . ^ 

75*0 

100 

150 

« 75*0 

« 12*6 

12-6 

Germany 

Attstria-Hung^iy , 

74*0 

75*5 

10*0 

10*0 

16*0 
, 14-5 

Portugal a 

i 76*7 ’ 

10*7 

13*6 

dwitxerland . . f • . . . « 

700 

10-0 

14*0 

Holland , 

70-0 

14^ 

16*0 

Ohliia . <1 . . • . . • . • t' • 

. • 

«I*5 

MB 

2\i) * 
i ' • 
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ga«rd«f maatiiAoiare, and oontainH from 3 to 
o p. 0 . of moislurey aocozding to the season ; the 
wate# is eetiniated and allowed for in weigliing 
the charges. 

The waJb&CB tued for washing the crystals are 
employed for the solution of the crude nitre; 
the nitre is recovered from the crystaUisation 
mother liquors by evaporation, and is treated as 
crude nitre. 

From *l>6eortiaux, it appears that the agita- 
tion of the solution of nitre during crystallisa- 
tion in order to obtain fine crystals is in general 
use on the (Continent ; at least, ho mentions it 
as in use at Lille, Wetboren, and Spandau. At 
the refineries at Lille, Wettenm, and Spandau, 
he states that glue is added to the boiling solu- 
tion of the crude nitre (the weight of glue^bein^ 
about that of the crude nitre); the glue 
coap^ating and carrying down orgn'nie colouring 
matters. The procc^ of purification was the 
invention of B^aume and Lavoisier, and existing 
proci^ses follow theirs with slight modilieations. 

On the Continent, and by most fU'ivato 
manuftwd.ui’ers in this country, artificial ’ or 
‘ (sonversion ’ saltpetre, or ‘ German Raltp<dre,J 
aiH it is frequently called, is almost exelusively 
used. It is made by dissolving 10 parts of sodium 
nitrate, ‘ Chile saltpetre,’ and 0 parts of potsis- 
siura chloride, obtained from iStassfurth ‘ ear- 
nallite,’ in mother liquors from previous op<*ra- 
tions, concentrating and crystallisation. It is 
refined tvs above. 

In 1894 tiollick discovered that ‘ German 
saltpetre’ fretpiently contained notable quan- 
tities of perchlorate, and it was stated that 
several accidents in powder ftitdories eoincidt*d 
with the presence of a oonsiderabJe pt-roentage 
of perchlorate in the powder, ft was subse- 
quently shown that powder containing per- 
chlorate was not unduly sensitive. The per- 
chlorate is, however, not uniformly distribut'fl 
in nitre, but trends to agglomerate, and the 
irregular shooting obtained with some fonugn 
sporting powders, as compared with English 
ones, has been attributo<i to the contained 
perchlorate. 

The mdphur employed at Waltham Abbey is 
native Sicilian sulphur, of*tht best quality. In 
Sicily, the sulphur mineral is subjected to a 
liquation process, to separate the sulphur from 
the gkni^e. It still contains 3 to 4 p.c. gangue, 
from wnich it is freed by distillation. It is 
distilled from a large iroA retort, provided with 
two tubes placed at ri^ht angles to each other ; 
one ^ibe (16 inches wide) communicates with a 
large dome-shaped subliming chamber, the other 
tuw (6 inches wide) enters an iron pot which 
receives the distill^ sulphur ; ti^ tube is 
iaolmted for cooling with water. The tubes can 
be connected with the distilling vessel or cut 
off from it by means of valves. The distilling 
vessel receives its choree of sulphur, wdiicb is 
heated to boiliiu ; dun^ the earlier stages of 
the distillation the vipours are fent into the 
suMiming chamber, where the sulphur condenses 
as * flowers of sulphur ’ ; laApr on the suljDhur 
vapotir is swat through thotsondenser, from which 
it runs into the reoe^er in tHh liquhllonn. It is 
allowod to oool somprliat, but |o its solid!- 
fytoff^mt, aad^Biadled intO'JiaLicttt wooden' 
IbolfldS. S^phuzv ^ sufficient |mnty to be 
USedi in expl^Tes without fioeiihsv imatunent. 


is now ^^tained in large quantities, by the 
* Ghance<Oi^*^i'iM oaMnin sol* 

phide, w^h is the clpef constituent of the 
residue formed in the manufacture of soda. 

I Much of the sulphur used by private firms and 
abroad is also obtained from pyrites. The 
‘ flowers of sulphur ’ are not used in the manu- 
facture of the guniKiwder, as they usually contain 
considerable quantities of sulphurous and sul- 
phuric acids, but are redistilled. 

The sulphur igniting in air at a low tempera- 
ture— alsmt 260*^ — rtuidors the gunpowder in- 
flammable, and, exiKH’ienco has shown, improves 
the keeping qualities of the powder. Under the 
influeMue of pressure in the manufacturing 
proggsses the sulphur flows and becomes 
colloidal, and cenionis the particles of the 
ingredients together. SuljihurleBS gunpowder 
is comparatively friable. 

The chircoai. For making the charcoal for 
gunpowder, soft and light woods are chosen, as 
the charcoals they yield are more roadilyiigDit' 
able, of an average growth of fro^n two to ten 
yt^ars. The wood should lie cut m the spring, 
when it is in full vegetation, as then its j[)ar1k: can 
readily bo removed ; in the spring the tree is in 
fulJ(\Ht sap, but the sap is very watery, and 
I contains but little salts in solution. 

I At Waltham Ablwy, the woods used are ,* 
the alder buckthorn {likunnun frangula, L., im- 
jironerly called dogwood), alder, and wijlow 
{S(uir (ilfni, L.). Dogwood charcoal is preferable 
fiir .small-grain quick-burning powders for 
powders of larger grain the slower alder and 
willow charcoals are used. O’ho woods are 
grown in England, and are cut about four inches 
in diameter. 

D^sortiaiix states that in Franco the so- 
called dogwwd {RluinmiLS frarugvia) is exclu- 
sively employed for making the charcoal for 
military and sporting powders ; ho states, how- 
ever, tliat it is becoming increasingly difficult to 
procure, and that tliey are trying to replace it 
by willow, or by the wood of the spinale tree. 
In (;iermaay, ‘ dogwood ’ (if. frangxm), willow, 
and alder are used ; in Russia, alder ; in 
Austria, alder and hazel. 

At Waltham Abbey, wood is usually kwt foi 
about three years, dogwood in thatched stacks, 
an<l willow and alder piled by cords in the open, 
By the method of carbonisation there followed, 
I 2.5 p.c. of black charcoal should be obtained 
I from the wood, rather more from dogwood, 
i The wood is cut into throe-feet lengths, which 
are split if differing much in thickness, and 
i is packed into iron cylindrical cases called slips, 
I 3 feet 6 i^hos loi^, and 2 feet 4 inebes^in 
; diameter. The lid is fastened on, two' opening 
I (each about 4 inches in diameter) being left m 
! the bottom of the slip. The slips are th«d 
i jilacod in horizontal eylmdeis, the end of the 
I openings going to the further end 

I m the cylinder, in whioh endbthere are (Openings 
i correspondi^ with those in ^ slips, 
j * The cylinders are dosed by rightly fitring 
I iron doors, and are built into tM wdl, widi for- 
j naces undiemeatiL so arranged a#to admit of 
I the accurate Higulation of the heat thjxmghcmt 
j tib operation ^ charring ; this occupies with 
^c^ood about 4 hours for and 8 henni 

po^R.F.Q* Ruxtpow^yps, pie flames siirtmm^ 
t the ovlmd«r. the imat acunir a8 aeaxi^ M poimlf 
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on itii wliok? Kurfacr. The tfiMWw ami volatilifiofl wrought iron heated by a lire. l<or the produc- 
tar from the wm»d paiw out uirough the 0 {>enUig 8 tion (from dogwood) of charhon roux contaimiig 
in the elip and the coyreHponding holew in the 70 p.c. <*arbon, the temperature of the Rteam 
it>t<»rt, inti» pipiw cornmunieating with the fur- had to be about 280” ; by using steam heated to 
nawf in whieli they are bunit ; this saves a eon- about 350”, eharcoal eontaining 77 p.e. carbon 
«ldcrable amount “of fuel. When the wood has was produced, and by heating both cylinder and 
been «ufU<‘ientlv <'harred, whicli is known liy the sU'am to a tiunjicraturc not exceeding char- 
violet colour of the Hame from the burning gas, eoal of 80 p.e carbon was obtained. The char- 
indieating the formation of carbonu- oxide, tlie e<itt] produced by means of superheated steam 
elip is withdrawn by means of tackling, placed is remarkably unifoim in composition. The 
in a large iron <'ase or cooler, covereil with a ilethod, how«‘ver, was ubandoned, because it 
oloeely lilting lid, and allowed to remain until gave a larger yi<'ld of ( hat fx/tf roux, but not of 
all the fire is extinguished, which taki's abmit black cluiicoal, than tiic oidinai\ method of 
4 hours; the <’harcoal is then einptus] into ^ .obonisation in c^lindcis ; and the lightly-burnt 
stnalh^r coolers, and sent to store. The char- < liar< tsd was then only icipurisl for sjiorting 
coal is carefully pieke<l over hy hand, to j»owd<'r Ais<». tfie eo-st of i)!o(hiction of the 

’ tain that it al) is properly and evenly burnt, efianytal by the Huj»erheate(l steam apparatus 
and that no nvem from tiu' slifw have luoken wics gre,»t.«‘r 

off. It IS then kejit. from Uui day.s to a fort mglP (luttler, ’in IHH7, invented a })roe(‘Ss for 
in store before lieing ground, to obviate the <arboni.sing wynxl, especially <ut tings and jnilp, 
danger from spontaneous <‘ombu,stion (('uused l>y straw', peat, ,&c , in heated CO^, Carbon 
almomitton of oxyg(*n from the an) to w loc h < liHi- dioxide is stated to* iw ])r('h ral»le to sujier- 
coal is liable' when ground (lin'ctly after burning heatc'd steam, on aeeount ctf the nioi.st state 
The smaller the eylinders used, the' moit' of the charcoal when ectolcd in the sti'am. 
uniform is the compo.situui of the ehare<»ai pro ^Jasc's of combustion, as frci' a.'+ ])Ossible from 
dueled, since so high a tempc'iatnre is not needed oxygen. ai<> actually used A producer furnace; 
to carry the heal to the centre* of the ehargo ; in is atiatiged h\' the side of the eliarring furnace, 
the Kiiglish jsiwdc'r mills, tli<' tendency has Is'C'ii in which the C()^ is ])rodu<e(l hy blowing air 
to use small cylinders, some of whi<-h hold only through burning coke b\ me. ms of a fan. Tlu; 
77 llw of xvood The use of small e\ hndc'i's, how- < arl>omc acid ga.s is then lilown through a tubi* 
ever, raiH<\K tlu' cost of production ( I tesortiaux) inti> tilt* carbonising cyliiidt i duTing the eai hon- 
V'iolette statexs that, for thc' same tempera- i.sing <d tin* wood, Arc , and tlic Ilow' of CO, is 
ture. a slow' earbomsation gi\c.s a much higher maintained during the cooling, whu-h in con- 
yield of charcoal than a epnek carhomsatioii ; Hc‘«nu'nco of t he picsc'iicc of tin* gas maj be very 
the iK'n'cntage of carlion being also a htth* rapid 

higher in the fcirnier cas«x CitmjxtsifKni, dr., of (Ik c/wm'ou/ -~C ai hoii- 

Instcvvd of fixed tuirhoiiising (’vlmders, ismg the wood raises the jarcentage of carbon, 
movable eylinders are now used in most black diminishing the* jiercenf agc's of h\diogon aiul 
jKiwdiU* fa(!toru's. N(» ‘sliji’ is used, lint two o\ygc*n 

cylinders are jirovided foi <*a<'h fuinacc', oiir* l>osortiau\ state's that woods rc'ccnth cut 
being charged winle a carhomsatioii is pro haxc* almost the same jieiventagc c om]>osition ; 
ceeding in the other 'Du' charged c'xlmdc'rs the* mean ecunposilmn of tin* clued wood heiin^ 
alt* run into the furnace on rails, which support 4th'l7 p.e* C, ti lt j> e H, 43-12 ji c. O and 
them over the* lire*. An elaborate* ariangemc'iit 11)7 }> <• ash. 

for the rc’gular chstnlmtiou of the* giuccw and llc'int/. gives the eomjiosition of alder wood 
products of di.stillation of (he w'ood is usc*d, by miiiux ash, a.s 4S 153 p.e C, ,5 !I4 ]).c. H, 44*75 
means of which they can at will Ik* dnc'cted into p.e* O, O liS p.e. N. ’ Cc'terson and iSeliodJcr give* 
any one* of the furnace*^ or allow'yd jiartially to alder wocal jus 4t)*20 y.e. C, (5-22 ji.c. 

escape hy the c'himney, H, 44*58 p.e. () and N. 

The pnnei[)fil advantage's c'laimed foi this On heating, waU'r, c*arboti moncjxide. carlxui 
fiystem are homogeneity of the* charcoal, the dioxide, livdrogen. acetic acid, methyl alcohol, 
reaely regulation of the* cornhustion of the gases and tar are pioduted. ’ 

by means <tf the’ distnhutioii apparatus, and the* Violette found that dogwood W'as convert^'d 
cooling down of tile charcoal out of c ontact wit li into slack-baked chamial {charbott toiix) at a 
the air, which d<H*s away W'lth the pos.sibility cd t<'m|H'rature of 280”-3(X) ' ; at 3(X)” the yield (on 
the charcoal taking tire. the small scale) was aUiut 34 p.e. and the eom- 

_ 111 Homo English faetont's, vertical movable position oi the charcoal was 73*24 p.e. C, 4*25 
oyliiiderM are uhimI, the advantages ^H'liig (hat a p.e. H, 21^)4 p.e. () and N, 0*57 p.e. ash. Jic- 
lirger nurnlw can bi' lin'd at the same time, and tween 350* and 400”, black charcoals are pro- 
the moving of the cylinders into ^ he eiKding duced, the yield Ixdng from 31 p e. to 28.p.e., the 
♦ room is greatly facilitates:!. eoin))o«itiou ranging from about 77 p.e. to 81 

lloekmaiin mentions that Home year^ aj|r> pe. (’.* Between 1000” and 1250”, the charcoal 
the use of rot»tii)(| cylinders was introduced m obtained was very black and hard, the yield was 
jSwiMien ; the evlindetti lieing turiiAl fM>” about about 1 8 p.c*^ and the composition of the ehar- 
their horiKontal axes every half-hour duriiHg coal 82*0 p.e. C, 2*30 p.c. H, 1410 jj.c. () and N, 
eArboniHation. Alt ih etatoti that a more uni- l*(i0 p.e. ash, at the lower temperature, and 88*14 
form farbonllcation is obtained, and fuel savetl. p.e. t\ 1*42 i>.c. H, 9*24 p.e. O and N, 1*20 p.c. 

Violette, in IH48, introduwdAthe carlKmisa- ash, at the h^her temperature. 

JliQii of W'o^ by means of superheated Htedfci. Experiments made at the Chemical Depart- 
wa#iised at a prteHUPe of 4 to 1 atnio^?ment of the War Departmiini showed no great 
and wras xfis^ the reijuirtld teni- difference in the spMifio gravity of cluupdOalk 
l^tire by beiri| palscd th|ough a worm of* jirepared from willow and alder at 394®--6d8” ; 
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their specific gravity at 15*0" was 1*41 to 1*44. 
Willow charred at the maximum temjierature 
of for 9^ hours had the composition of 79*22 
p.c. C, 4*02 j),c. H, 15-32 p.c. 0 and N, 1*44 p.c. 
ash, and sjieoifiKJ gravity (at 15-0'’) 1*414. 

The higher the temjierature of carhonisation. 
the loss is the inflammability of the charcoal in 
air, and the greater the thermal conductivity. 
Violette states that the charcoals prenart'd frc>m 
any kind, of wood at 3(M)° take (ire wlicn h<*ate<l 
in the air Ut : the chan'oals from light 

and porous woods burning more easily than tluAe 
from hard and close woods. For tlio same wootl 
he makes the following statement os to the 
ndation between ti'mpi'rature of i harring and 
that of inflammation m air : - 


Teini>erature (»f 
charrliiK 
2(i()"-280 
2iM»' -350 ’ 
432" 

1000-1500" 


Teinpcrature of 
iullainmatUm* 
340 3(i0" 
300" -370^ 
alsmt 
OtHr-HtMi'’ 


Tlu^ lightly-iiiirnt charopals are much more 
absorbent of water than tliosc clmnvd at a high 
temjicrat lire. . 

The charcoals used for tlic various kirnls of 
Service hiai'k gunpowder range in composition 
from about 75 p.c. (' to SO ]).<•. (’, according to 
the nature of the ])Owdcr. All other conditioiiH 
being the same (viz. proportion of KNO.,, S, an<l 
charcoal, size of powd<*r, density, and mois- 
ture), the charcoal burnt at lower temperatnn^s 
(having lower jiercentage of carbon) gives inghcr 
muzzle- velocities and prossurcs than chaicoal 
burnt at high(‘r ti'inperaturcs and having 
higher |)ercentage of carbon ; that is, for gun- 
powder of the conijiosition 75 p.c. nitre, 10 p.c. 
sulphur, and 15 p.c. charcoal. The greater in 
flammability of the light <‘r- burnt charcoal makes 
the gunpowder, of which it forms jmrt, quicker- 
burning. 

The wood is cliarrcd to e.vpcl moisture, wliich 
would lower the temperature of tin* (‘Xplosion 
products of gunpowdiT, and to obtain a char- 
coal of suitable mflaminability. (Uiarcoal for 
large-grained powders should be jct-blaek in 
colour ; for small-grainiMl jiowders a more 
slackly burnt charcoal ofc hj|^wn- black colour i.s 
used. Beford use the? charcoal is hand-]>i<!ked 
to remove any impurities and any portions 
insulSiciently ‘ Immed.’ 

Appended is a table of the percentage com- 
position of some charcoals from gunpowders of 
Waltham Abliey make, and of a sporting powder, 
whiBh will serve as types of the charcoal used in 
the different kinds of black gunpowder : — 


I »•! 




as to 

fa 


0 . . 85*26 1 80*32 

H . . , 2*98 ; 3-08 

O (and N) 10*16 ! 14*75 
Aah . , 1-60 i 1*85 


75*72 

3*70 

18*84 

1*74 


77*88 77*36 
3*37 3*77 

17'^ 16*62 
1*16, 2*26 


(iSoble and Abel, Phil. Trans. 18^, 171, 


i Pulverising^ rntxiViu, md inforpomlmg lAs 
ingredtftUs , — At Widtnam ^.^bbey, the tvflned 
i nitre is used for gunpowder , without being pre- 
I viously driwl or grourtil, but the moisture is 
1 cstimak'd and allowed for. The charcoal is 
I ground in a mill ; the grinding is done by a cone 
i working in a cylinder, both being suitably 
! toothed. The ground charcoal is made to pass 
; through a spout into a i-evolving rt^l of 32-mesh 
<^op[X'r-wii*e gauze, feet long and 3 feet in 
diameter, inclined at an angle ot aliout 4” to the 
horizontal. an<i making 38 revolutions per 
minute. The charcoal which passes through 
the gauze is fit for use, and is coUoct-ed in a 
closed rtH'l case : th(‘ charcoal too coarse to paaa 
, through the gauze falls through the further end 
of the reel into a vessel, and is reground. The 
sulphur is ground under n pair of iron edge 
runners, a smallor-sizcd incorporating mill, and 
iii sifteil through a reel similar to that used for 
the clinr(!oal. Prciiautions are taken to connect 
the sulphur mill to earth, in order to allow the 
electricity genorak'd by the nibbing #£ the 
sulphur to escape, and the machinery is not 
run rapidly, in some works the sulphur is 
mixed witli a little nitre before grinding to 
prevent cl(‘ctriti<‘ation. Bc«i(l<« the danger of 
ignition by a spark, the electrical charge causes 
the sulphur to ball together and interferes with 
th(* grinding. 

The ground ingredients are carefully weighed 
out in their proper proportions ; the largest 
charg(5 worked m the incorjioraling mill is 80lbs. 
'I’he charge recoiviw a preliminary mixing in the 
mixing maeliino, a cylindrical drum of gun- 
: metal or eo]>per, about 2 feet 9 inches in diameter 
and 1 foot t‘) inches wide. An axle bearing 8 
rows of gunmetal ‘ flyers ’ or fork-shaped arms 
I passes through the centre of the drum j the 
drum and arms are made to revolve in opposite 
’'Hiroetions, the former making about 40 revolu- 
' tions i>er minute, the latter 120. The mixing 
occupies tive minutes, the mixture being then 
hana-sifted through an S-mesh copper-wire 
j sieve over a hopjicr, to remove foreign sub- 
! st-ancea, which otherwisi; are liable to cause an 
I ignition in the incorporating mill ; the ‘ green 
(‘liarge ’ is th(*n tied up in a hag ready for the 
; incorporating mill. 

' 'J’lie incorporating mill consists of a circular 
; iron l>ed, about 7 feet in diameter, very firmly 
j fixed in the floor of the building, on which two 
' iron cylindrical edge runners revolve. The 
i iron runners are 6^ feet in diameter, 15 inches 
j wide, and weigh about four tons. They have a 
I common axle resting in a solid cross-bead 
j attached to a vertical shaft, which passes 
I through bearing in the centre of the bed,^and 
I is in gear H'ith the machinery. 

I The bed has a sloping outside rim. The 
\ runners ate at an unequal distance from the axis, 

' the eccentricity being equal to half the thicknese 
|•of « runner; they thus work the charge in 
I the inner and the outer purt of the bed, their 
^aths ovdHapping. The runneni are followed 
Moy two ‘ plougfLs ^of wood, covered with leather, 
attached to the cross-head byenrms ; on© plough 
works near the vertical shaft, th# other near ^ 
rim of the b0d, throwing the compoeition under 
^e runners. 

. The green charge is spread ^trenly on the bed 



